Purpose: To report outcomes following adjuvant high-dose-rate vaginal brachytherapy (VBT) with or without chemotherapy for high-intermediate risk (HIR) and high-risk, early stage endometrial cancer as defined in Gynecologic Oncology Group trial 0249.
Purpose
There is significant controversy surrounding adjuvant radiation therapy for early-stage endometrial cancer. Four large randomized trials have demonstrated a reduction in pelvic recurrences with the addition of pelvic external beam radiotherapy (EBRT) following standard surgical therapy [1] [2] [3] [4] . However, this improvement in local control owed to EBRT is not without commensurate toxicity and does not improve survival [1] [2] [3] [4] [5] [6] [7] .
In three of the randomized control trials, patient subgroups were identified in whom an important benefit in local control was derived from adjuvant radiotherapy [1, 2, 4] . For example, in Gynecologic Oncology Group (GOG) 99, the high-intermediate risk (HIR) subgroup was formulated based on previously identified high-risk features (i.e. high grade tumors, advanced age, lymphovascular invasion (LVI), and deep myometrial invasion). This HIR subgroup was found to not only compose twothirds of those patients who recurred, but also derived the largest benefit in local control from the addition of pelvic EBRT. At four years, the risk of recurrence or death in the HIR subgroup decreased from 36% to 17% with the addition of pelvic EBRT -a 53% reduction in relative risk. In women with low-risk disease, the benefits of pelvic EBRT were less clinically significant [1] . There is significant prognostic heterogeneity among women with early stage endometrial cancer and, accordingly, there is strong evidence for the routine use of adjuvant radiation therapy in well-defined HIR and high-risk patient subgroups.
A widely recognized benefit of radiotherapy is its ability to reduce recurrences at the vaginal cuff, the most common site of local failure [1] [2] [3] [4] 8] . With this notion, the second Post-operative Radiation Therapy in Endometrial Cancer (PORTEC) trial further refined the role of adjuvant radiotherapy. The results of this trial showed that vaginal brachytherapy (VBT) was non-inferior in providing vaginal local control compared to pelvic EBRT in women with features similar to the HIR group defined in GOG 99 [1, 9] . Despite the adequate local control and reduced toxicity observed with VBT, relapses were common and disease-free survival (DFS) approached only 82% at five years, suggesting a need for new strategies to improve outcomes [9] .
Despite the plethora of data from randomized trials, unanswered questions still remain. Of particular interest is defining the role of chemotherapy in early stage disease, with early data already emerging [10] [11] [12] . Furthermore, appropriate adjuvant therapies for early-stage carcinomas with high-risk, papillary serous or clear cell histology are not well established as this subgroup has not been consistently included in randomized trials for endometrial cancer [1, 9] . Collective experience suggests stage I and II serous, and clear cell carcinomas carry similar recurrence rates as HIR disease [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Thus, contemporary clinical trials in endometrial cancer are challenged to define the optimal adjuvant therapy for patients with HIR and high-risk, early stage disease [14, 28, 29] . GOG 0249 is a trial in which HIR and high-risk patients were randomized following surgical staging to adjuvant pelvic EBRT alone (control arm) or VBT with three cycles of chemotherapy (experimental arm) [14, 30] . The objective of this trial is to determine if the combination of chemotherapy and VBT can increase DFS when compared to pelvic EBRT and final results have not been reported.
Clinical practice in North America has migrated towards the use of VBT without EBRT for early-stage disease [31] . Our institutional preference is to deliver VBT with or without chemotherapy as an adjuvant strategy in patients with early stage, HIR and high-risk disease. Given this evolution in practice, the purpose of this study is to review the outcome of patients with HIR and high-risk disease, as defined in the contemporary trial GOG 0249 [14] , to determine if acceptable rates of local control and DFS have been achieved at our institution without the use of pelvic EBRT.
Material and methods
Following approval by the Institutional Review Board, an institutional database was queried to identify patients with endometrial cancer who were treated with VBT between May 1, 2000 and January 5, 2014 and met criteria for International Federation of Gynecology and Obstetrics (FIGO) 2009 stage I and II disease. Sixty-eight women who met GOG 0249 criteria for HIR and highrisk disease were included [14, 30] . The patient cohort includes: (1) FIGO stage I endometrioid adenocarcinomas with HIR disease as defined in GOG 99 with or without positive peritoneal cytology, and two subgroups of patients with high-risk, early stage disease. High-risk, early stage disease includes: (a) stage II endometrial carcinoma with cervical stromal invasion, and (b) FIGO stage I-II patients with type II, high-risk histology (clear cell or serous) and negative peritoneal cytology. Patients with non-epithelial uterine malignancies were excluded.
All women underwent surgical staging, which consisted of a hysterectomy, bilateral salpingo-oophorectomy, and peritoneal washings. Pelvic lymphadenectomies with or without para-aortic lymph node dissection were performed according to physician discretion. In women who had serous or clear cell histology, an omental biopsy and para-aortic lymph node sampling was performed. Patient demographics and tumor characteristics were obtained using electronic medical records and pathology reports. Pathologic stage in the present series has been designated according to FIGO 2009. Patient cases were routinely reviewed in a multi-disciplinary conference in order to establish treatment recommendations for adjuvant therapy. Chemotherapy was recommended for patients with: (1) serous or clear cell carcinoma, or (2) grade 3 tumors with deep (greater than 50%) myometrial invasion or LVI. Adjuvant chemotherapy was carboplatin and paclitaxel administered every three weeks with initial dosing of area under the curve 6 and 175 mg/m 2 , respectively. Beginning in 2011, our institution adopted a policy of administering chemotherapy prior to VBT so; chemotherapy typically began 3-6 weeks following surgery. In scenarios where VBT was administered first, chemotherapy began within three weeks of completion of VBT. Toxicity due to adjuvant therapy was assessed and scored every three weeks according to the National Cancer Institute's Common Terminology Criteria for Adverse Events version 4.0.
VBT was administered with high-dose-rate (HDR) brachytherapy using Iridium-192 and a remote afterloader system. All patients underwent a pelvic exam prior to applicator insertion to ensure adequate healing of the vaginal apex after surgery [32] . While in the dorsal lithotomy position, a single-channel vaginal cylinder with the maximum tolerated diameter was inserted into the vagina. Pretreatment planning and dosimetry was performed prior to the first treatment, including routine use of three-dimensional treatment planning which began in 2008. Image-guidance with orthogonal images or cone beam computed tomography was performed prior to each fraction delivery as a quality assurance measure in order to confirm applicator position and size. The treatment length included one-half to two-thirds of the vaginal length from the apex extending distally toward the meatus, with a minimum treatment length of 4 cm. There are several acceptable fractionation regimens for VBT and, as a result, prescription dose varied and was most commonly: (1) 7 Gy × 3 fractions prescribed at a depth of 0.5 cm from the cylinder surface, or (2) 6 Gy × 5 fractions prescribed to the vaginal surface. The later fractionation was favored in young or sexually active patients. Patients were treated on non-consecutive weekdays over a twoweek treatment course and chemotherapy was not administered on days that brachytherapy was delivered.
Routine surveillance after completion of adjuvant therapy included history and physical exam every 3-6 months for two years and then every 6 months thereafter. Vaginal cytology and imaging were performed annually or as clinically indicated.
The Kaplan-Meier method was used to determine rates of actuarial survival. DFS and overall survival (OS) were calculated based on time from surgery until progression or death. Patients alive without progression were censored at the date of last clinical follow-up for endometrial cancer. Vaginal relapses occurred in the vagina; pelvic relapses included intra-pelvic recurrences outside of the vagina, and distant relapses occurred outside of the pelvis or retroperitoneum. DFS was defined as time to first relapse in any location with events including recurrence or death. Log-rank test was used for univariate analysis. Due to small number of disease recurrences and deaths, a multivariate analysis was not possible. 
VBT -vaginal brachytherapy, NOS -not otherwise specified, LVI -lymph-vascular invasion

Results
Patient and tumor characteristics
Sixty-eight women with HIR and high-risk endometrial cancer received adjuvant VBT without pelvic EBRT and were included in this study. Baseline patient and tumor characteristics are illustrated in Table 1 . The median age was 66 years and all but one patient were post-menopausal. The FIGO 2009 stage was IA in 33 (49%), IB in 26 (38%), and occult II in 9 (13%) patients. Approximately half of patients (n = 31) met criteria for HIR endometrial adenocarcinoma, as defined in GOG trial 99 [1] . Additionally, approximately half of patients (n = 33) had aggressive histologic subtypes including serous, clear cell carcinoma, and carcinoma with mixed serous and clear cell features. Approximately one-third (n = 21) of patients had LVI, but positive peritoneal cytology was not common (4%). Fifty-nine (87%) patients underwent total abdominal hysterectomy and bilateral salpingo-oophorectomy, while nine patients (13%) underwent laparoscopic-assisted vaginal hysterectomy and bilateral salpingo-oophorectomy. Sixty patients (88%) had staging of the pelvic lymph nodes with a median of 20 nodes examined, while para-aortic lymph node staging was performed in 45 (66%).
Thirty-seven (54%) of patients received both adjuvant chemotherapy and VBT. Thirty-one (46%) patients received adjuvant VBT alone including: four patients who refused chemotherapy, eight patients with medical contraindications to chemotherapy, and 19 patients for whom chemotherapy was not recommended. The characteristics of these patient subgroups are also described in Table 1 . In short, the majority of patients who received both chemotherapy and VBT had papillary serous or clear cell histology. In contrast, the women who received VBT alone, commonly had HIR endometrioid adenocarcinomas.
Treatment compliance and toxicity
Sixty-five of the 68 patients (96%) completed the planned course of adjuvant therapy. Thirty-seven (54%) patients received a median of 3 cycles (range: 3-6) of chemotherapy in sequential fashion with VBT. Twenty patients received chemotherapy prior to VBT and 14 patients received VBT prior to chemotherapy. Three patients with papillary serous carcinoma and deep myometrial invasion received therapy in a "sandwich" fashion -six cycles of chemotherapy with VBT given between the third and fourth cycle.
Chemotherapy was carboplatin and paclitaxel in all but two patients: one patient received paclitaxel alone and a second patient received carboplatin and docetaxel due to pre-existing peripheral neuropathy. Two patients required a dose reduction of the taxane due to grade 2 peripheral neuropathy that limited instrumental activities of daily living. One patient required dose reduction of carboplatin due to grade 3 neutropenia and immune system toxicity. Thirty four patients (92%) were able to complete all cycles of prescribed chemotherapy. Acute chemotherapy-related toxicities are illustrated in Table 2 and are largely characterized by mild, grade 1-2 peripheral neuropathy, hematologic and gastrointestinal toxicities. There were no grade 4 or 5 toxicities observed. There were two grade 3 toxicities including community acquired pneumonia in an immune-compromised patient and one episode of symptomatic anemia requiring transfusion.
All 68 patients were able to complete VBT. The most common fractionation schemes used during VBT were: 21 Gy in three fractions prescribed to 0.5 cm depth (n = 42), 30 Gy in five fractions prescribed to cylinder surface (n = 14), or other fractionation (n = 12). The median cylinder diameter and treatment length were 3.0 cm (range: 2.5-4.0) and 4.8 cm (range: 4-9 cm), respectively. The reported acute toxicities occurring during VBT were all mild and are illustrated in Table 2 . Furthermore, after a median follow-up of 33.1 months (range: 4.0-161.7), late toxicities continue to be mild and include only grade 1 vaginal stenosis (n = 13) and grade 2 vaginal stenosis (n = 1). Twenty-six patients were compliant with use of a vaginal dilator. Nine patients reported that they were able to remain sexually active following VBT.
Patient outcomes
After a median follow up of 33.1 months, four patients developed relapsed disease, two of which occurred in patients who had not received adjuvant chemotherapy. The overall 3-year estimates of vaginal, pelvic, and distant recurrences are 1.9%, 2.4%, and 9.1%, respectively. One high-risk patient with stage II, grade 2, endometrioid carci- noma and deep myometrial invasion developed an isolated vaginal apex recurrence 15 months after VBT. This recurrence was successfully salvaged with pelvic EBRT and repeat VBT, but the patient later developed pulmonary metastases. A second high-risk patient with stage IA papillary serous carcinoma developed a recurrent mass in the true pelvis with associated abdomino-peritoneal carcinomatosis two years after adjuvant chemotherapy and VBT and has died due to disease. A third patient had a grade 3, endometrioid carcinoma with LVI and > 50% myometrial invasion was treated with VBT alone and developed metastatic disease in thoracic spine and orbit four months after surgery and has died due to disease. Finally, a fourth patient with grade 3, endometrioid carcinoma, and > 50% myometrial invasion (HIR disease) was treated with VBT and chemotherapy, and developed an isolated intra-thoracic recurrence and is alive with disease.
At the time of analysis, four deaths have occurred including two that were due to endometrial cancer. Threeyear site-specific recurrence rates and survival rates are presented in Tables 3 and 4 . Distant recurrences occurred more frequently than loco-regional recurrences. The 3-year rates of DFS and OS are 87.7% and 93.9%, respectively. Outcomes were assessed for the HIR and high-risk subgroups. In patients with HIR disease, there were no recurrences in the vagina or pelvis. In patients with high-risk disease (cervical stromal invasion or type II histology), 3-year estimates of vaginal and pelvic relapse were 3.2% and 3.8%, respectively (Table 4 ). Univariate analysis (Table 5) demonstrated age younger than 65 years to be associated with improved DFS at three years (p = 0.02).
Discussion
The findings of this study indicate that adjuvant VBT without pelvic EBRT is well tolerated and could be a sufficient radiation strategy in women with HIR and high-risk endometrial cancer. At three years, the rates of vaginal recurrence, pelvic recurrence, DFS, and OS were 1.9%, 2.4%, 87.7%, and 93.9%, respectively. These outcomes occurred in the setting of excellent treatment compliance, mostly mild, grade 1-2 acute toxicity and minimal vulvo-vaginal late toxicity, to date. To the authors knowledge, this is the only series to examine outcomes following VBT in HIR and high-risk patients defined in the contemporary trial GOG 0249 [14] .
Traditionally, standard adjuvant therapy for women with high-risk endometrial cancer has included pelvic EBRT [1] [2] [3] [4] [5] [6] [7] . In the past decade, there has been a perceptible change in clinical practice favoring the use of VBT alone without EBRT. In fact, a recent analysis of the Surveillance Epidemiology and End Results registry detected an increase in use of VBT from 52.9% to 59.3% in women with HIR disease as defined by GOG 99 following publication of the trial in 2004. Growth in VBT usage occurred with a simultaneous decrease in use of EBRT [31] . This shift in clinical practice likely stems from the findings that VBT offers DFS in HIR patients that is comparable to pelvic EBRT, with no compromise in OS, and diminished treatment-related toxicities [9, 33] . PORTEC-2 played an integral role in establishing a role for adjuvant VBT alone and, currently, VBT may be considered as an adjuvant monotherapy in the majority of women with surgically-staged stage I endometrial cancer [34] .
A substantial portion of the literature reporting outcomes following VBT without EBRT include women with low-intermediate or intermediate-risk endometrial cancer. As such, there is more controversy surrounding the use of VBT without pelvic EBRT in women with highrisk endometrial cancer. For example, National Comprehensive Cancer Network (NCCN) Clinical Practice Data are now emerging for early outcomes following VBT with or without chemotherapy in well defined, HIR and high-risk subgroups of women with stage I and II endometrial cancer. Specifically, the rates of vaginal and pelvic failure in these studies ranged 1.2-3.2% and 3-9%, respectively, after 2-5 years of follow up (Table 6 ) [9, 20, 24, 25, [35] [36] [37] . The most notable study of VBT in women with HIR disease comes from the experimental arm of the second PORTEC trial (PORTEC-2) [9] . The definition of HIR disease in PORTEC-2 and GOG 99 differ, however, there is considerable overlap in these patient populations. At five years, VBT provided excellent vaginal control (98.2%), with pelvic recurrence (3.8%) and distant metastases (8.3%) being the predominant patterns of failure [9] . Additionally, a second study from Mayo Clinic reported outcomes from 103 high-risk women with stage I papillary serous and clear cell carcinoma treated with adjuvant VBT with or without chemotherapy. The 5-year estimates of vaginal recurrence (3%) and loco-regional recurrence (7%) were similarly low [20] . Data from PORTEC-2 has provided high-level evidence for the use of VBT without pelvic EBRT in patients with HIR disease; however, similar data for patients with high-risk, early stage disease (cervical stromal invasion and type II histology) is limited to retrospective, single-institution studies like the present series [20, 24, 25, 37] . Therefore, results should be interpreted with caution as pelvic EBRT may provide an important benefit in loco-regional control for early stage patients at high-risk for recurrence.
We report rates of vaginal (1.9%), pelvic (2.4%), and distant (9.1%) recurrences that are consistent with many contemporary series using VBT in subgroups of HIR and high-risk, early stage endometrial cancer ( Table 6 ). At only three years, however, the relapse rates in our study cohort already approach the five-year outcomes from PORTEC-2 in which vaginal, pelvic, and distant relapse rates were 1.8%, 3.8%, and 8.3%, respectively, in HIR patients treated with adjuvant VBT without chemotherapy. This can be attributed to the inclusion of high-risk patients in our study cohort and, in fact, all loco-regional recurrences described in this study occurred in high-risk patients. The inclusion of HIR patients dilutes the overall recurrence rates. In the present series, three-year rates of vaginal relapse were 3.2% and 0% among high-risk and HIR patients, respectively. Similarly, three-year rates of pelvic relapse were 3.8% and 0% among high-risk and HIR patients, respectively. While the difference between these recurrence rates and those of HIR patients was not statistically significant, the data were not powered to detect such a difference. The higher rates of loco-regional recurrences in high-risk patients argue that pelvic EBRT is warranted for this subgroup. The anticipated treatment benefit afforded by EBRT may justify the risk of added toxicity. Currently, the standard of care for high-risk patients remains pelvic EBRT with consideration of chemotherapy until future larger studies can provide definite conclusions regarding the role of VBT with chemotherapy [38] .
This study does not address the potential importance of chemotherapy in this patient population and the results neither argue for or against the routine use of combined chemotherapy and radiotherapy. In the present series, the subgroup of patients who received chemotherapy cannot be effectively compared with the subgroup that did not receive chemotherapy due to inherent biases that were present while recommending adjuvant therapies for patients treated at our institution. There are, however, data that support a role for chemotherapy in this patient population, including from the Japanese Gynecologic Oncology Group [10, 12, 39] . In a randomized trial of pelvic EBRT versus cisplatin-based chemotherapy in patients with stage IC-IIIC disease with deeper than 50% myometrial invasion, chemotherapy improved progression free survival and OS compared to pelvic EBRT in a high-to intermediate-risk subgroup [10] . Included in this subgroup were patients with stage II disease, and patients over 70 years old with grade 3 tumors or stage IC disease -a population similar to the present series. Whether chemotherapy should be included as a standard portion of adjuvant therapy in this patient population remains a topic of active investigation in GOG 0249 and other trials [14, 28] .
Important limitations of this study include the lack of a second cohort for comparison and inherent biases associated with retrospective study. Additionally, the findings in this study might be heavily influenced by the small number of observed relapse events and could change substantially with longer follow up. The number of patients in this study is too low for any firm conclusions, and standard treatment for high-risk patients should continue to involve pelvic EBRT with chemotherapy as we await additional prospective data. The results of contemporary clinical trials will be forthcoming as to whether pelvic EBRT may be omitted in women with high-risk, early stage endometrial cancer [14] .
Conclusions
The contemporary clinical trial GOG 0249 has defined practical criteria that identify a population of patients with high-risk, early stage endometrial cancer. Adjuvant pelvic EBRT remains a standard of care in this patient population and data regarding VBT and chemotherapy are limited. This regimen is well tolerated by patients with mostly mild, grade 1-2 acute toxicities. Distant metastases remain prevalent in patients receiving VBT alone, suggesting a role for chemotherapy. Early outcomes following adjuvant VBT with or without chemotherapy demonstrate high rates of vaginal control, pelvic control, and survival among the HIR subgroup, while early loco-regional relapses in the high-risk subgroup argue that pelvic EBRT with chemotherapy should remain a standard of care. Additional data with long-term follow up are needed to determine whether pelvic EBRT can be omitted in women with high-risk, early stage disease.
